Objectives-(a) To assess plasma fibrinolytic parameters in patients with rheumatoid arthritis (RA) and to determine whether there are differences between patients with RA alone and those with RA complicated by vasculitis. (b) To determine if patients with RA respond differently to venous occlusion compared with normal subjects and to assess whether such a response differs in patients with RA alone and those with rheumatoid vasculitis. (c) To determine the extent of vascular damage in patients with rheumatoid vasculitis and if this correlates with the levels of plasma fibrinolytic parameters.
Objectives-(a) To assess plasma fibrinolytic parameters in patients with rheumatoid arthritis (RA) and to determine whether there are differences between patients with RA alone and those with RA complicated by vasculitis. (b) To determine if patients with RA respond differently to venous occlusion compared with normal subjects and to assess whether such a response differs in patients with RA alone and those with rheumatoid vasculitis. (c) To determine the extent of vascular damage in patients with rheumatoid vasculitis and if this correlates with the levels of plasma fibrinolytic parameters.
Methods-Sixty three patients with RA (38 had RA only and 25 had evidence of rheumatoid vasculitis) were recruited. Plasma levels of tissue plasminogen activator antigen (t-PA Ag), plasminogen activator inhibitor (PAI) activity, and factor VIII von Willebrand factor (vWF) were measured before and 10 minutes after venous occlusion. Results-Patients with RA, with or without rheumatoid vasculitis, had higher baseline PAI levels than control subjects. The difference was statistically significant for patients with RA alone but was not statistically significant for patients with rheumatoid vasculitis. After venous occlusion, t-PA Ag levels increased significantly in normal subjects and patients with RA alone, but not in patients with rheumatoid vasculitis. Plasma levels of vWF were significantly higher in patients with rhematoid vasculitis than in normal subjects and those with RA alone. In patients with RA alone, baseline vWF correlated positively with t-PA Ag levels, whereas a negative correlation was found between these two parameters in patients with rheumatoid vasculitis. A negative correlation between vWF and t-PA Ag levels after venous occlusion was also found in patients with rheumatoid vasculitis.
Conclusions-Patients with rheumatoid vasculitis showed evidence of vascular damage with increased levels of vWF and impaired t-PA Ag release after venous occlusion, a useful measurement of endothelial reserve to remove fibrin. This may be of pathophysiological importance in the development of vasculitis in these patients.
(Ann Rheum Dis 1993; 52: 643-649)
The pathogenesis of rheumatoid arthritis (RA) is incompletely understood. In addition to altered immunity, other factors play a part. One of these may be related to defects in the formation and removal of fibrin. In normal subjects the coagulation and fibrinolytic systems are in dynamic equilibrium and fibrin clots are eventually remodelled, restoring tissue structure and function.' In disease states characterised by increased inflammation and tissue repair, however, there is excessive fibrin formation2 and a failure to remove fibrin in these circumstances may lead to secondary damage.
Increased levels of fibrinogen, the precursor molecule of fibrin, is a well recognised feature of RA3 and previous histopathological studies have shown the deposition of fibrin in joints of patients with RA.4 Animal studies have shown that this may be responsible for the development of secondary inflammatory changes and subsequent damage to the joint.5 Patients with RA may also present with extra-articular manifestations, and clinical vasculitis occurs in a subset of these patients.6 Systemic vasculitis is associated with high morbidity and mortality rates.7 Studies of vasculitic lesions have shown fibrin deposition within the blood vessel, which causes obliteration of the lumen and consequent death of the tissues supplied by the blood vessel. Thus fibrin could play an important part in the development of joint changes and vascular complications of RA.
We have previously shown impaired plasma fibrinolysis in some, but not all, patients with RA.8 Data from patients with rheumatoid arthritis are sparse, but suggest no significant differences in baseline in patients with rheumatoid vasculitis and those with RA alone.9 These laboratory tests were static measurements of the end result of a dynamic process, however. Furthermore, physiological variations in baseline plasma fibrinolytic factors exist; for example, there is a diurnal variation and an alteration with physical With the subject sitting comfortably, blood pressure was measured using a standard sphygmomanometer. The cuff pressure was then maintained at a level which was at least 10 mmHg above the diastolic blood pressure. This prevented venous blood return from the forearm, but did not impede the flow of arterial blood. A second venous blood sample was obtained 10 minutes later from the venous There was no statistically significant difference in vWF levels between patients with RA alone and normal subjects, but patients with rheumatoid vasculitis had higher baseline levels of vWF than subjects in the other two groups (both p<00001). In patients with RA alone, baseline vWF levels correlated positively with t-PA Ag levels (r=049; p=001). There was a significant negative correlation between baseline vWF and t-PA levels in patients with rheumatoid vasculitis, however (r=-0-54; p=0Q04). A negative correlation between the levels of vWF and t-PA Ag after venous occlusion was also found in these patients (r=0-55; p=0 04), but there was no significant correlation between the same parameters after venous occlusion in patients with RA alone (r=035; p=0 08). No correlation between vWF and t-PA levels (before and after venous occlusion) was seen in normal subjects (tables 4 and 5). As expected, vWF levels increased significantly after venous occlusion in all subjects (all p<0 0001) (table 3).
Discussion
Although we and others have previously shown baseline fibrinolysis to be impaired in patients with RA, no one has yet thoroughly investigated changes in fibrinolytic parameters after venous occlusion in these patients. This is important because it is the total fibrinolytic response rather than the baseline production which determines fibrinolytic potential under conditions of clot formation. Our study has confirmed previous findings of abnormal baseline levels of fibrinolytic parameters in patients with RA. We have, for the first time, assessed endothelial t-PA release in patients with RA. Patients with rheumatoid vasculitis appeared to have a lower level of endothelial t-PA release and did not respond to venous occlusion. Levels of vWF, an endothelial product, were high in patients with rheumatoid Normal controls RA only Figure 2 Plasma levels ofplasminogen activator inhibitor (PAI) activity before and 10 minutes after venous occlusion (VO) challenge in control subjects, patients with rheumatoid arthritis (RA) alone, and patients with RA and vasculitis (RI').
of the earlier synovial changes seen in patients with RA.4 13 14 Early rheumatoid nodules and vasculitic lesions have fibrin deposition within the blood vessels and perivascular infiltration of inflammatory cells, 15 and the therapeutic use of fibrinolytic drugs in patients with RA'6 17 may be useful.
The endothelium is believed to play a major part in controlling the rate of fibrinolysis. Fibrin is lysed by the action of plasmin into soluble fibrin degradation products. The rate of this reaction is dependent on the balance of the various activators and inhibitors of the formation of plasmin from its precursor molecule, plasminogen. Two important participants in this reaction are t-PA and PAI, an activator and inhibitor respectively. The main site of production of t-PA is the endothelium'8 and PAI can be found in endothelial cells and in platelets and hepatocytes. ' The endothelium can respond to stimulation such as the formation of a fibrin clot by increasing the rate of t-PA release, which lowers the PAI activity. This increases the overall rate of fibrinolysis with subsequent removal of the clot. It is possible to assess the t-PA release response. Intravenous infusion of desamino-D-arginine vasopressin, a vasopressin analogue, has been used in the past. 20 A more convenient alternative way of measuring the vessel wall t-PA release is by venous occlusion.2" This procedure prevents venous blood return from the forearm which is being occluded, and traps the t-PA which is released continuously by the vascular endothelium. Additionally, venous occlusion causes distension of the veins in the forearm and accelerates endothelial cell t-PA release. In a normal subject, an increase in t-PA release and reduction in PAI activity is seen after venous occlusion. 22 In our study, although there was no significant difference in the baseline t-PA Ag levels in the two patient groups compared with those of normal controls, patients with RA were found to have higher PAI activity levels than normal subjects. In those with RA alone the differences were statistically significant, but in patients with rheumatoid vasculitis, the p value did not reach significance (p=005). It is unlikely that any of the drugs taken by our patients with RA would have caused the differences observed in our three study groups, although it was not possible to match for drugs. Within the group of patients with rheumatoid vasculitis, no differences were seen in any of the fibrinolytic parameters between those who were receiving different forms of treatment and those who were not receiving any drugs at the time of study. Previous studies have shown steroid treatment to have either no significant effect on fibrinolysis23 or to enhance fibrinolysis.9 24 There have been no reports to date on the effects of DMARDs on fibrinolysis.
As most antirheumatic drugs used in RA reduce inflammatory responses in these patients, any effects of these drugs on the parameters measured here would be expected to be that of normalisation.
After venous occlusion, t-PA Ag levels increased and PAI activity decreased in normal subjects. Similar changes were observed in patients with RA alone. In patients with rheumatoid vasculitis, however, despite a decrease in PAI activity after venous occlusion, t-PA Ag levels did not increase significantly. This indicated an impairment in the endothelial t-PA release in these patients, which may be partly responsible for the pathogenesis of rheumatoid vasculitis. Although patients with RA alone were apparently able to respond to venous occlusion, it was probably subnormal compared with that from normal subjects. The t-PA levels in these patients after vascular occlusion were significantly lower than those from normal subjects, despite similar baseline levels.
Factor VIII von Willebrand factor is a product of the blood vessel wall which is released by damaged endothelium. 25 We have previously shown vWF levels to be increased in patients with inflammatory vascular disease26 27 and this study confirms this by showing patients with rheumatoid vasculitis to have significantly higher baseline vWF levels than normal subjects and patients with RA alone. The fact that different levels of vWF are found in patients with different disease manifestations may partially explain discrepancies in the results of some previous reports, which showed increased levels of vWF in a heterogeneous group of patients with RA.28
Other possible explanations of such discrepancies may be related to the venesection technique and to differences in treatment for RA. It is important that there is no venous stasis during venesection. All our patients with RA alone were receiving NSAIDs only.
The mechanism of endothelial damage in rheumatoid vasculitis is not fully understood. Some studies have suggested this to be mediated by polymorphonuclear cells,29 30 whereas others have found specific antibodies to endothelial cells in patients with rheumatoid vasculitis and suggested that these antibodies may play a part in the pathogenesis of the disease.3' Whatever the mechanism, damage to the blood vessel is likely to lead to dysfunction of the endothelium. It is interesting to note the significant positive correlation between vWF and t-PA Ag levels at baseline in the patients with RA alone. The same parameters, before and after venous occlusion, however, correlated negatively in patients with rheumatoid vasculitis and there was no correlation between them in normal subjects. These results further support the differences in endothelial function observed in the two groups of patients with RA. It is probable that patients with RA are susceptible to endothelial damage by various noxious stimuli, which may then lead to the formation of a thrombus. Patients with RA alone are able to mount a t-PA release response with subsequent removal of the thrombus.
Such a response is impaired in patients with rheumatoid vasculitis and the vasculitic thrombus persists.
Increased levels of vWF may have further clinical implications as vWF may promote thrombosis and further obstruct flow via its action on platelets32 and the clotting cascade.
In conclusion, our study has shown that patients with rheumatoid vasculitis had evidence of vascular damage with increased levels of vWF. We have shown for the first time an impaired endothelial fibrinolytic response in patients with rheumatoid vasculitis, which may be secondary to damage to the blood vessels. Our abnormal findings clearly show that patients with rheumatoid vasculitis are more likely to have a thrombus persist in the vasculature than those with RA alone. We propose that this may be one of the mechanisms of the development of vasculitic complications in these patients. 
